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<| Research  was  carried  out  primarily  on  the  ecology  of  chigger-borne  rickett- 
siosis  (scrub  typhus)  and  the  classification  of  trombiculid  mites  (chiggers). 

A  total  of  27  articles  were  published  with  the  support  of  this  contract  and 
its  predecessors.  Included  was  a  critical  and  extensive  review  of  the  ecology 
of  scrub  typhus.  The  demonstration  that  chiggers  belonging  to  the  vector- 
group  of  Leptotrombidi urn  occur  In  the  mountains  of  Ethiopia  suggests  that 
scrub  typhus  may  exist  there,  although  it  has  not  yet  been  conclusively  shown 
to  be  endemic  anywhere  in  Africa.  - -> 
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the  course  of  the  Investigations,  data  Mere  obtained  supporting  the  con¬ 
cept  that  chtggers  are  the  actual  reservoirs  as  well  as  the  vectors  of  chlgger- 
bome  rlckettslosis.  Thus,  the  Infection  Is  maintained  In  nature  by  trensovarlal 
transmission  of  rickettslae  from  mother  to  offspring.  However,  the  studies  also 
indicate  that  under  certain  conditions  (e.g.,  reattachment,. or  occasional  acqui¬ 
sition  of  true  Infection),  chlggers  acquiring  Rickettsia  tSutSuqamush I  by  feeding 
on  rlckettsemlc  hosts,  may  actually  play  a  role  in  perpetuating  the  cycle  or 
infecting  another  mammal.  As  emphasized  In  some  of  the  articles  published  under 
these  auspices,  topography,  geography  and  ecology  are  each  insufficient  to  deter* 
mine  the  endemictty  of  scrub  typhus  in  any  particular  area  In  the  continents  where 
the  rlckettslosis  is  known  to  occur.d^ Factors  like  geological  history,  "ecological 
islands,"  and  the  nature  of  the  fauna^must  also  be  considered.  Another  important 
factor  Is  the  sequential  ecological  succession  that  occurs  with  the  passage  of 
years  after  the  terrain  has  been  modified  by  man  or  nature,  and  whereby  the  kind 
of  local  rats  and  chlggers  vary  accordingly. 

Under  this  contract  and  Its  predecessors,  a  total  of  62  new  species  of 
chlggers  were  described.  The  more  recdnt  papers  included  a  revisionary  one  on 
Helenicula,  a  major  parasite  of  rats.  \ 
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FOREWORD 


In  conducting  the  research  described  In  this  report,  the  Investigator 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  t  Care,"  as  promul¬ 
gated  by  the  Committee  on  the  Guide  for  Laboratory  Resources,  National 
Academy  of  Sciences  -  National  Research  Council. 
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Under  this  Con tract,  rasaaroh  was  carried  out  primarily  on  1)  tbs  ecology  of  ohlgger-borne 
riokattsloals  (scrub  typhus);  2)  the  classification  of  trombioulid  altos  (ohlggers ),  including 
known  and  potential  vectors  of  this  lnfeotlon;  3)  corollary  subjects  which  were  by-products  of 
the  sbove  studies  and  4)  development  of  pertinent  techniques.  Of  the  27  articles  published 
with  the  support  of  this  Contract,  13  deal  principally  with  the  ecology  of  chlgger-bome 
rloksttslosls;  4  with  rectorship  of  that  Infection;  4  with  taxonomy  and  6  papers  treat  other 
ectoparasites  or  their  hosts.  One  of  the  publications  Is  an  extensive  and  orltloal  review  of 
the  ecology  of  scrub  typhus  and  includes  new  and  original  ideas  on  the  subjeot.  This  rlokatt- 
slosls  is  considered  to  be  Intimately  associated  with  wild  forms  of  Rattus  (Rattus)  and 
ohlggsrs  of  the  tentotroabidlua  dellense  complex.  Both  ecologically  and  geographically  It  la 
restricted  to  areas  where  those  particular  mammals  and  mites  co-exlst.  Chlgger-bome  rlokstt¬ 
slosls  is  not  expected  to  oocur  west  of  Eastern  Iran,  or  In  the  Hew  World,  etc.  or  In  most  of 
the  primary  forest  In  8.1.  Asia.  Our  findings  of  such  ohlggers  In  the  mountains  of  Ithlopla 
re-opens  the  question  as  to  whether  scrub  typhus  ooours  In  Africa. 

In  the  course  of  the  Investigations,  data  were  obtained  supporting  the  concept  that  ohlggers 
are  the  actual  reservoirs  as  well  as  the  vectors  of  ohlgger-bome  rloksttslosls.  Thus,  the 
Infection  Is  maintained  In  nature  by  transovarlal  transmission  of  riokattslae  from  mother  to 
offspring.  However,  the  studies  also  Indicate  that  under  certain  conditions  (e.g. ,  reattaoh- 
aent,  or  oooaslonal  acquis tlon  of  true  Infection),  ohlggers  acquiring  Rickettsia  tsutsuaamushl 
by  feeding  on  rlokettsemlo  hosts,  may  actually  play  a  role  In  perpetuating  the  cycle  or 
Infecting  another  mammal.  As  emphasised  In  some  of  the  articles  published  under  these 
auspices,  topography,  geography  and  eoology  are  each  Insufficient  to  determine  the  endemlolty 
of  scrub  typhus  in  any  particular  area  In  the  continents  where  the  rlokettslosls  Is  known  to 
ocour.  Paotors  like  geological  history,  "ecological  Islands,"  and  the  nature  of  the  fauna 
must  also  be  considered.  Another  Important  factor  Is  the  sequential  ecological  succession  that 
ooours  with  the  passage  of  years  after  the  terrain  has  been  modified  by  man  or  nature,  and 
whereby  the  kind  of  looal  rats  and  ohlggers  vary  accordingly. 

The  mass  oultures  of  trombioulid  mites  prepared  in  this  program  were  unique,  and  as  many 
as  oould  he  handled  by  the  Aray  were  supplied  for  future  maintenance .  The  successful  techniques 
are  being  described  in  an  article  In  preparation. 

Under  this  Contract  and  its  predecessors,  a  total  of  62  new  speoles  of  ohlggers  were 
described.  The  more  recent  papers  lnoluded  a  revisionary  one  on  Helenlcula.  a  major 
ppraslte  of  rats. 
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In  essence,  Oontraet  lo  0-0047  was  a  continuation  of  the  aoarologloal  aapeets  of  Oentraots 
U449-195-MD-2074,  and  DA49-199-KD-2277  (which  la  atlU  on-go  log  and  is  oenocmed  with 
rickettsial  raaaaroh),  and  henee  thla  final  Report  refers  in  parts  to  results  obtained  baaed 
on  the  earlier  studies  and  published  during  the  tenure  of  Oontraet  C-0047.  It  also  be 

noted  that  at  the  onset  of  thla  Oontraet  period,  we  were  directed  bp  the  Amqr  authorities  to 
eeaae  all  taxonomlo  work  forthwith  and  restrlot  our  Investigations  solely  to  experimental 
studies  on  scrub  typhus  (ohlgger -borne  rlekattalaosls),  whereas  later.  In  the  nlddle  period, 
we  were  sunswrlly  told  to  do  Just  the  opposite,  l.e.,  kill  off  the  oolonles  of  ohlggers  we 
wore  using  In  experiments  and  solely  undertake  taxoaoalo  Investigations.  In  view  of  the  sudden 
and  eosgtlete  changes  of  direction,  the  long-range  objectives  could  not  be  fully  achieved,  and 
we  still  are  working  on  sons  of  the  manuscripts. 

In  the  bibliographic  citations  In  this  Report,  the  designations  after  the  reference 
number  Indio ate  the  following: 

**  pertains  to  work  specifically  done  under  this  Oontraet,  and  by  the  scientists  listed 
herein. 

*  Indicates  studies  aocospllshed  with  the  partial  support  of  the  Contrast,  by  us  or  our 
colleagues. 

#  refers  to  other  articles  published  under  the  auspices  of  the  Contract. 

•  signifies  other  Amy-sponsored  research,  e.g.  previous  Contract,  undertaken  by  us. 
Unmarked  citations  refer  to  work  by  other  Investigators. 


THE  ECOLOGY  OF  CHIGGER-BORKE  RICKBTTSX08X3 . 


A.  BACKGROUND 

1*  In  1974  we  published  an  extensive  and  critical  review  of  the  ecology  of  ohlgger-borne 
rlokettslosls  (30**).  This  presented  a  synthesis  and  analysis  of  available  Information, 
Including  new  and  original  material  based  upon  work  undertaken  In  this  Contract  and  its 
predecessors,  as  well  as  observations  from  the  general  literature.  As  background  far  bom  of 
the  points  made  below,  we  cite  the  conclusions  reported  In  that  paper, vis. 

"(1)  The  characteristic  epldemlologloal  features  of  chlgger-berae  typhus,  such  as  a 
marked  focal  distribution  of  oases  occurring  as  a  sharp  outbreak  In  terrain  of  secondary 
vegetation,  etc.,  may  all  be  explained  In  terms  of  the  attributes  of  the  veotor  ohlggers. 

(2)  The  rlokettslosls  exists  In  a  wide  variety  of  habitats,  ranging  from  semldescrts 
to  alpine  meadows  and  subartlo  sores  In  the  Himalayas,  and  from  disturbed  rain  forest  to 
seashores.  The  sndemiolty  In  modified  dlpterooarp  forest  may  be  ooig) arable  to  that  In  the 
lalang  on  the  periphery,  depending  upon  tine  and  place.  The  naae  scrub  typhus  hence  la  a 
misnomer  and  la  misleading  regarding  the  type  of  endemlo  habitats  that  may  be  haraardous. 

(3)  All  known  foci  are  characterised  by  changing  environmental  conditions,  whether 
Induced  by  man  or  nature  as  a  sudden  event  (e.g.,  clearing  of  forests,  landslides),  or 
gradual  (changes  along  untouched  fringe  habitats )  or  cyclical  (tidal  mones,  spring  floods. 
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dMlil  runoff). 

(4)  flilmri  of  (bo  SgUgBgg-group  or#  (ho  main  no(an  to  man  mat 

perhaps  (o  ottoor  boo(o  os  woll.  So  tar  os  known,  (host  ohlggers  ore  obundant  wherever 
(his  Infection  boo  boon  reported. 

(5)  Ro(s .particularly  wild  ro(s  of  (bo  subgenus  Ro(tus,  oro  found  In  oil  known 
ondonlo  oro  os,  mat  (bop  sotto  os  prlno  books  of  ton(otroah«<»«»  throughout  tholr  native 
ranges. 

(6)  Sons  sort  of  transitional  or  secondary  vegetation  Is  characteristic  of  oil 
(orroln  where  outbreaks  boos  ooourrod,  ond  lo  present  In  sooo  fora  In  oil  known  fool  of 
ohlctor-bomo  rlokettsloals,  even  If  only  o  fringe  hoblkok  oloog  strooao  In  doop  foroot. 

(7)  Tbo  conjunction  of  (ho  Ju.  dcUSBAA.- group,  wild  roks  ond  transitional  vegetation 
(suob  os  gras sos,  barbs,  aeoondary-grovth  troos  and  shrubs)  lo  so  Intlaotoljr  oonneokod 
with  (his  infoeklon  (hat,  together  with  Lb  trfn*fp1,ir**h<  those  footors  are  regarded 

os  constituting  (he  "soonotlo  (okrad  of  ehlgger-bome  rlokottslosls"  and  are  believed  to 
boro  evolved  together  os  a  blew. 

(8)  'It  la  believed  (hot  os  Bnttuo  ond  associated  members  of  (he  subgenus  Lecto- 
troabldlua  penetrated  now  areas  ond  habitats  during  (ho  peregrinations  of  these  redents 
through  the  eons,  they  gave  rise  to  now  (axa  In  the  bourse  of  evolution.  Many  of  these 
beoow  dlreot  participants  In  the  oyeleo  of  this  rleloottslosls,  but  as  the  oblggers 
adapted  to  other  kinds  of  hosts  living  In  the  paths  of  the  emigrating  rots,  suoh 
wools  (and  perhaps  their  own  troableulld  fauna)  become  secondarily  Involved  In  the 
ecology  of  the  Infection  (e.g. ,  voles  In  the  Himalayas  and  Japan)  and  served  to  extend 
Its  rongo. 

(9)  The  role  of  other  kinds  ef  ehlggors  Is  unclear,  but  Bombers  «f  beotrombicula. 
OohrlloDlo.  etc.,  may  prove  to  serve  as  ulnar  vectors  to  man,  or  be  Important  os 
lntrasoode  vectors. 

(10)  Naturally  Infected  oblggers  presumably  constitute  the  main  reservoirs  of  R. 
tmtmMuta  In  nature,  maintaining  and  perpetuating  the  cycle  of  infection  by  transo- 
varlan  transmission  of  rloksttslae  Aram  mother  to  progeny,  especially  In  certain  family 
lines  of  vector  species. 

(11)  Natural  Infection  with  JU  la  expected  to  ooour  In  any  mammal 

and  presumably,  bird  whose  habits  bring  them  Into  oontaot  with  ground  Infested  with 
veetar  species  of  ohlggers  in  endemic  areas. 

(12)  While  natural  lnfeotlon  Is  widespread  In  a  variety  of  tharaphlons,  especially 
ground-infesting  species,  it  may  be  that  rloksttslae  from  such  hosts  do  not  regularly 
enter  the  epidemiological  pioture.  Tims,  ohlggers  normally  feed  but  onoe  as  parasites 
and  hence  any  acquired  lnfeotlon  will  not  be  passed  to  a  2nd  host  unless  trans ovarian 
transmission  to  the  next  generation  Is  effected,  or  unless  the  ohlgger  Is  exceptional  and 
not  only  will  reattach  to  another  host  but  actually  succeeds  in  transmitting  Infection. 

The  laboratory  data  to  date  Indio ate  that  these  events  ere  unusual,  but  even  so,  if  they 
also  occur  In  nature,  they  nay  be  significant  in  the  ecology  of  this  rlokottslosls  beoause 
the  enormous  numbers  of  ohlggers  luvdlved  may  compensate  for  the  low  rate  of  ooourrenoe. 
Transovarlan  transmission  of  acquired  Infection,  even  If  a  rare  event,  could  result  In 

an  Increased  number  of  family  lines  of  lnfeoted  ohlggers,  provided  succeeding  generations 
continued  to  effectively  transmit  the  lnfeotlon  transovarlally. 

(13)  Even  If  they  do  not  constitute  true  reservoirs  of  lnfeotlon,  rats,  field  alee, 
voles,  shrews,  ground  squirrels  and  tree  shrews  which  oome  In  oontaot  with  the  ground  In 
endemic  foci  are  nevertheless  Important  In  the  ecology  of  chlggar-boroe  rlokottslosls  la 
that  they  serve  as  Important  hosts  of  the  L.  dellense-oowolex.  which  thrive  In  such 
habitats. 
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(14)  Commensal  rats  and  arboraal  animals  play  llttla  or  bo  part  In  tha  otology  and 
epidemiology  of  this  rlohattsloals,  presumably  baaausa  tholr  habitats  and  haunts  generally 
praoludo  Infestation  with  Laototrombldlun  and  Interfere  with  the  propar  post-larval  deve¬ 
lopment  of  soob  chlggcrs  if  they  do  bason*  Infos  tad. 

(15)  Just  as  now  aadaalo  fool  nap  appaar  whan  tha  ecological  faaturas  of  a  habitat 
ara  aodlflad  and  mashers  of  tha  soonotle  tatrad  baaoaa  pradonlnant  In  consequence,  so 
nap  endemlolty  In  existing  ara  as  wax  or  wan*  as  loeal  conditions  affaot  tha  rodant  and 
ehlggar  fauna  and  tha  flora,  with  tha  passage  of  tin*.  Sevaral  adjaoant  fool  of  seemingly 
slnllar  appaar anoa,  or  avan  dlffarant  saotlona  of  a  "honogaoaaua*  blotopo,  .nap  thus  vary 
considerably  with  raspaot  to  tha  particular  phase  of  tha  opola  of  ohlccar-borna  rlokatt- 
slosls.  Por  axaqple,  one  portion  nap  no  longer  ba  hyparcndenle,  or  tha  oonponants  and 
proportions  of  tha  ohlggar  or  rat  population  nap  differ  baonosa  of  this  tine  factor. 

(16)  The  available  but  Halted  data  suggest  that  there  la  no  true  splvan  eyole  of 
ohlgger-boma  rlokettslosls  In  tha  strlotlp  primary  forest  which  dooplp  Involves 
Indigenous  "white  lotrombldlum"  and  chhff1ittPf I-  ate.,  and  rats  of  tha  aubgansra  Lanothrlx. 
Maxonrs.  fltenomra.  a  to.  However,  neahars  of  tha  L.  dollanaa-ooaplox  and  tha  subgenus 
Rattua  do  occur  in  restricted  suitable  fringe  habitats  deep  In  the  forest,  a.g. ,  along 
gane  tracks  and  bp  cliffs,  and  these  nap  baeone  numerous  whan  conditions  ara  aodlflad,  as 
whan  trees  are  felled  and  secondary  vegetation  appears  on  a  larger  soale  or  In  new  pockets . 
Rpparandenlo  fool  nap  soon  follow,  and  R.  tsutauxamushl  Infection  nap  baeone  eonaon  In 

R. (Maxonrs)  and  R. (Lanothrlx)  and  other  "jungle  rats”  as  well. 

(17)  Areas  with  utterly  different  topographic  features,  wall  separated  bp  barriers 
Ilka  deserts  and  aountaln  massifs,  map  harbor  " *00 logical  Islands"  and  "oases"  with  a 
relict  population  sharing  major  elements  of  tha  rodent  and  ectoparasite  fauna  and 
associated  Infections  such  as  ohlgger-boma  rlekattslosls.  These  reflect  conditions  of  the 
geologloal  past. 

(18)  Rickettsia  tustsuaaauahl  la  significant lp  different  from  other  members  of  the  genus 
Rickettsia,  and  the  similarities  between  them  probably  represent  convergence  towards  an 
existence  as  intracellular  parasites  with  opoles  In  both  mammal  a  and  arthropods.  On  the 
other  hand,  the  so-called  serotypes  of  R.  tsutsunamushl  represent  divergent  forms. 

(19)  The  widespread  distribution  of  certain  strains,  and  the  fact  that  some  serotypes 
may  be  transmitted  bp  several  species  of  Lepotroabldium  lend  support  to  the  belief  that 
infection  acquired  from  tharaphlons  map  be  an  Important  factor  In  the  opoles  of  R. 
tautsuxamshl  In  nature.  However,  there  remains  a  great  deal  to  be  learned  about  the 
properties  of  R.  tsutsugamushl  and  their  oonneotlon  with  the  ecology  of  this  rlokettslosls . 

(20)  Paunsl  surveys,  utilising  as  indicators  the  concurrent  presence  of  the  L. 

de 11 ense- group  and  wild  Rsttus  (or  tharaphlons  already  Implicated  elsewhere)  are  of  value 
In  predicting  whether  ohlgger-bome  rlokettslosls  Is  endemic  In  locality  or  habitat.  On 
this  basis,  it  la  anticipated  that  this  Infection  exists  In  unreowgnlnod.  fora  In  Turkmo- 
nlpa,  northeastern  Iran,  parts  of  Soviet  Central  Asia  and  other  areas  bordering  the  known 
endemic  regions.  Grpptosootio  Infection,  or  else  ensootlo  Infection  coupled  with  an 
oooaslonal  human  case,  la  expeoted  In  the  peripheral  areas  of  this  rlokettslosls,  as  seen 
In  Korea,  Hokkaido,  V.  Pakistan,  Tadjikistan,  ate. 

(21)  Ohlggar -boms  rlokettslosls  Is  absent  from  tha  New  World,  northern  USSR  and 
Burope.  More  Information  Is  needed  before  Its  status  In  Africa  and  tha  Kiddle  last 
can  ba  clarified." 
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2.  Additional  points  about  the  eoology  of  chlgger -borne  rlokettslosls  ware  prasantad  In 
sons  of  our  other  articles  (30**,  33** •  31*). 

B.  STUDIES  07  THE  ACQUISITION  07  R.  TSUTSUOAMUSHI  BY  CHIQOERS  DURING  THE  TENDING  PROCESS. 


1.  Much  of  the  work  done  under  this  Contract  and  Its  predecessors  was  concerned  with  the 
fascinating  questions  as  to  whether  chlggers  could  acquire  iRlokettsla  tsutsugasushl  while 
feeding,  become  truly  Infected,  and  transmit  the  Infection  to  the  next  generation.  If  so, 
rodents,  as  well  as  naturally-infected  lines  of  ohlggers  could  serve  as  true  reservoirs  of 
o hi gger -borne  rlokettslosls.  The  results  of  our  studies  with  uninfected  lines  of  vector- 
species  (leototrowhldum  dellense.  L.  arenlcola.  D.  fletoherl  etc.)  and  suspected  veotors 
(Gahrlleola  (8.)  Ugula)  nay  be  siuuarlzed  as  follows,  as  per  our  1975  article  on  the 
subject  (33**). 

1)  "Although  vector  chlggers  undoubtedly  sre  Important  true  reservoirs  of  chlgger- 
barne  rlokettslosls,  the  following  suggests  that  theraphlons  nay  also  serve  as  a 
wellspring  for  maintenance  of  the  rlokettslal  cycle  In  nature." 

2)  "Uninfected  ohlggers  nay  acquire  rlokettslae  while  feeding  on  hosts  with 
rlokettsemia,  and  such  Ingested  organisms  nay  at  least  survive  for  weeks.  Transovarlan 
transmission  to  the  next  generation  was  demonstrated  In  one  pool  of  ohlggers  with  such 
acquired  rlokettslae.  An  appreciable  number  of  chlggers  may  detach  from  their  original 
host,  particularly  If  It  dies  prematurely,  and  successfully  attach  to  a  second  host  and 
develop  normally  thereafter.  In  one  lnstanoe,  the  ohlggers  that  detached  from  the  second 
host  still  bore  evidence  of  rlokettslae  acquired  by  feeding  on  the  first  one,  more  than  one 
week  earlier.  Natural  Infection  with  fi.  tsutsugamushl  Is  often  common  In  a  variety  of 
ground-dwelling  theraphlons  In  endemic  areas.  Vector  species  may  be  extremely  abundant  on 
such  hosts.  The  geographic  and  eoologlo  distribution  and  host  relationships  of  known 
serotypes  of  R.  tsutsugamushl  do  not  correlate  with  those  of  the  vector  species  of  Lepto- 
trombldlum.  There  are  conflicting  laboratory  data  on  the  efficiency  of  the  mechanism  of 
transovarlan  transmission,  even  when  the  tests  are  limited  to  using  susceptible  hosts  to 
feed  naturally  Infected  ohlggers.  There  Is  no  Information  available  as  to  the  source  of 
natural  infection  in  generations  of  ohlggers  In  the  field.  Where  there  are  many  compli¬ 
cating  factors;  for  example,  both  Immune  and  susceptible  hosts  may  be  Infested  with  large 
numbers  of  ohlggers  In  various  stages  of  engorgement,  representing  several  species  of 
Leptotrombidlua.  and  Including  both  Infected  and  uninfected  Individuals,  with  the 
possibility  that  more  than  one  serotype  of  R.  tsutsugamushl  Is  present  in  the  pools  of 
ohlggers.  There  may'  be  narked  genetic  variability  In  ohlggers  with  respeot  to  the  ability 
to  acquire  rlokettslae  (and  infection)  by  feeding.  Similarly,  there  probably  are  signifi¬ 
cant  differences  In  family  lines  of  chlggers  regarding  the  virulence  of  the  R.  tsutsugamu¬ 
shl  they  carry  and  In  the  efficiency  of  the  mechanism  of  transovarlan  transmission." 

3)  "More  data  sre  required  on  most  of  these  points  before  the  existing  questions  can 
be  answered  about  the  Importance  of  theraphlons  as  a  source  of  rlokettslae  to  ohlggers.” 
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0.  THE  POSSIBLE!  OCOTRENCS  OP  CHICKSR-BQRNE  RX0XBTTSI0SI8  IV  AFRICA. 


1.  An  Important  but  unresolved  questbn  is  whether  this  rloksttslosls  exists  In  Africa. 

There  hare  bean  various  reports  olalnlag  endemlolty,  but  slnoa  they  were  based  upon  serology 

of  dubious  validity,  or  purely  upon  clinical  srotoms,  they  have  not  received  acceptance  00**). 
One  argument  advanced  against  such  clalas  has  been  that  no  true  taatotroabldlun  (Leptotroabldiun) 
ohlggers  had  ever  been  found  In  Africa.  However,  In  aoarologleal  studies  supported  by 
Contract  and  based  upon  travel  aoooapllshed  with  funds  provided  by  the  Office  of  Hsval  Research 
regarding  murine  typhus,  we  collected  two  species  of  Leo  to  tr  oabldlom  in  Ethiopia,  both  new  to 
Science,  and  one  of  then  Is  a  true  member  of  the  subgenus  Leptotroabldiun.  akin  to  the  L. 
dellense-connlex  of  classical  vectors*  The  latter  new  species  Is  allied  to  suspected  vectors 
of  ohlgger-barne  rloksttslosls  In  endemic  foci  we  had  discovered  In  the  Himalayas  In  our  Army- 
sponsored  projects  (vide  30**,  3JS*,  27*,  280).  Inasmuch  as  It  has  been  possible  to  demonstrate 
endemlolty  of  £.  wherever  the  tests  were  undertaken  In  the  presence  of  members 

of  the  J '1,  dellense-coaclcx  (30**),  there  now  is  a  more  Justifiable  rationale  for  the  belief 
that  chigger -borne  rloksttslosls  exists  In  Africa. 

2.  The  new  Ethiopian  Leptotroabldiun  (Leptotrombldlum)  was  collected  in  the  mountains 
near  Ankober,  at  11,000  ft.  elevation,  from  a  variety  of  murine  genera.  Including  rats  that 
formerly  had  been  placed  In  the  genus  Rattus.  (As  we  have  stressed  (30**)  both  scrub  typhus 

and  the  subgenus  Leptotrombldlum  are  Intimately  associated  with  the  genus  Rattus. )  Interestingly 
enough,  the  Pakistan  species  Which  we  described  and  Which  this  new  one  resembles.  Is  also  a 
high- altitude  form  (238). 

3.  Notably,  the  fleas  and  rodents  of  the  Ankober  region  are  olosely  related  to  the  fauna 
of  the  mountains  of  southern  Ethiopia  and  those  of  Uganda,  Kenya,  etc.,  the  Intervening  vast 
areas  of  semidesert  or  low-lying  rain-forest  notwithstanding.  It  appears  that  these  Isolated 
montane  areas  are  "ecological  Islands*  representing  former  eons  when  the  overall  climate 
must  ham  been  oolder,  and  the  lower  elevations  oovered  with  different  types  of  vegetation, 
than  now.  The  situation  seems  analogous  to  what  we  have  hypothesized  for  the  Isolated  mountains 
of  southwest  Asia  (330,  240,  280,  3 0**).  It  seems  likely  that  "endemlo"  ectoparasite-borne 
Infections  found  In  one  area  likewise  occur  in  the  other b,  as  we  showed  was  the  case  with  tick- 
borne  rloksttslosls  in  Pakistan  (130,  168). 

4.  The  second  new  Leptotrombldlum  belongs  to  a  different  subgenus  and  comes  from  the  seml- 
arld  acacia  groves  of  the  Rift  Valley,  an  entirely  different  habitat  of  a  type  found  throughout 
much  of  Africa,  and  with  a  rodent  and  ectoparasite  fauna  that  have  only  a  few  elements  In  common 
with  those  of  the  montane  areas. 


0.  THE  "ZOONOTIC  TETRAD"  OF  CHXQQBR -BORNE  RICKETTSIOSIS 


1.  Ve  have  stressed  that  In  all  known  endemlo  fool  of  this  rloksttslosls  there  Is  an 
Invariable  concurrence  of  four  factors:  1)  ohlggers  of  the  sub genus  Leptotrombldlum;  2)  wild 
sets,  especially  of  the  sub genus  Rattus:  3)  secondary  vegetative  growth.  In  areas  ef 
changing  conditions;  and  4)  the  etiological  agent,  R.  tsutsuganushl  within  the  Leptotrobldlum 
(30**)*  It  was  also  postulated  as  corollaries  that  the  subgenus  Leptotrombldlum  and  wild 
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foras  of  Rattus  (Rattus )  ware  recently  evolved  forms  which  were  so  Intimately  associated 
with  secondary  vegetation  that  these  ehlggers  and  rats  occurred  only  In  such  habitats,  and 
hence  would  not  he  found  In  true  primary  jungle  (a  much  older  habitat,  with  Its  own  fauna 
and  flora).  We  have  pointed  out  that  where  such  ehlggers,  rats  or  this  Infeotlon  had  been 
reported  In  "primary  forest,"  the  Investigators  In  question  were  actually  referring  to 
areas  of  disturbed  or  secondary  forest  that  were  deep  within  "primary  jungle,"  near  settlements 
of  aborigines,  or  else  were  "firings  habitats,"  as  exist  along  streams  and  tracks.  The  point 
Is  a  fundamental  one  regarding  evolution,  soo geography  and  the  distribution  of  related 
Infections,  and  we  have  been  seeking  data  on  this  score  In  New  Guinea,  since  virtually  all 
accessible  forested  areas  In  S.R.  Asia  have  been  modified  by  man.  We  have  also  expressed  the 
opinion  that  the  sub  genus  Leptotroabldlua  arose  In  S.B.  Asia  and  penetrated  the  peripheral 
areas.  Including  New  Guinea,  only  relatively  recently.  The  data  firom  Hew  Guinea  support  these 
various  contentions. 

2.  Data  have  been  obtained  for  two  forested  areas  from  Wau  to  Bulldog,  south  of  Wau, 
along  the  central  range  of  mountains.  In  each  place  there  still  exist  large  sections  of 
undisturbed  forest.  The  third  area,  for  comparison,  consists  of  secondary  forest  or  grassland 
near  Wau.  Certain  species  of  mamma 1  a  occur  In  all  three  fool,  viz.,  bandicoots,  tree  possums, 
Oromys  tree  rats,  the  murine  Leptomars.  and  Rattus  veraoundus.  a  native  forest  rat  that  prefers 
the  margins  of  the  forest.  There  were  significant  differences  In  the  distribution  of  some  of 
the  other  murids.  While  Melosqrs  were  found  in  all  three  areas,  the  several  species  examined  from 
the  Adelberts  were  not  taken  In  the  other  two  areas,  and  vice  versa.  Rattus  nlobe.  another 
native  speoles,  was  the  dominant  rat  In  the  hlg£  moss  forests  at  Wau  and  Bulldog  (about 
2000m. ) ,  but  is  apparently  Absent  In  the  Adelberts  (perhaps  because  the  maximum  height  of  the 
mountains  there  la  equivalent  only  to  the  lowest  level  of  the  range  of  this  rat).  Rattus  ruber. 
a  rat  that  was  oommon  In  the  grass  and  secondary  vegetation  at  Wau  and  Bulldog,  was  rare  In  the 
Adelberts  and  was  taken  only  at  the  very  edge  of  the  foreBt,  and  then  only  seldom.  Rattus 
exulans,  an  Introduced  perldomestlo  rat  found  In  grasslands  and  open  secondary  vegetation,  was 
collected  at  Wau. 


3.  Of  these  various  murines,  only  R.  exulans  and  R.  ruber  belong  In  the  category  of 
"wild  Rattus  rattus"  which  we  feel  are  so  deeply  Involved  In  the  ecology  of  ehlgger-bome 
rlckettslosls.  If  our  theories  are  oorreot,  then  In  New  Guinea,  as  elsewhere,  the  vector- 
group  of  ehlggers,  namely  teetotrobldiun  (Lentotrobldlum) .  should  be  restricted  to  those 
two  Rattus.  and  to  the  secondary  forest  near  Wau,  rather  than  the  relatively  undisturbed 
forest  in  the  Adelberts  and  along  Bulldog  Road.  Such  has  proven  to  be  the  case,  and  the 
latter  two  areas  have  a  tronbleulld  fauna  that  differs  fundamentally  from  that  found  In  scrub 
terrain.  Even  though  the  Contract  has  terminated,  we  are  attempting  to  obtain  additional 
data  along  these  lines,  using  other  funds,  and  plan  to  publish  the  results. 


B.  TOPOGRAPHY  AND  THE  ENDBMIOITY  09  CHIOGER -BORNE  RICKETTSIOSIS. 


1.  Curing  World  War  II  (3,6),  and  until  our  Army— sponsored  Investigations  In  Pakistan 
proved  otherwise  (26*,  240,  29**,  90**,  34**,  356)  It  was  firmly  believed  that  a  glanoe  at 
the  terrain  In  question,  or  even  an  aerial  photograph  thereof,  would  serve  to  immediately 
determine  whether  scrub  typhus  was  endemlo  In  any  particular  Aslstlo-Faolflo  area.  This 
feeling  was  based  upon  the  "characteristic"  association  of  endemiolty  with  secondary  vegeta¬ 
tion.  However,  as  summarized  by  us  In  1972  (34**),  our  studies  proved  otherwise,  as  shown 
by  the  following  extracts: 


-7- 


C.L. 


WISSEMAN  JR 
&m§ITB3 i3. 


M.D. ,  PR  INC.  INVEST.  sDUHL17-70~C-00U7  "TROKBICWUD  MITES  (CHXQQBRS)  AND  0T1 
VECTORS  OP  RICKETTSIAE  INFECTION , 11  (1  SEPT.  1969-11  «C-  1Q7S1  unit  mwnwr 


"(1)  Despite  fundamental  physiognomic  and  ecological  differences  and  separation  by 
many  miles,  two  areas  may  harbor  virtually  the  sane  fauna  of  small  animals  and  ectopara¬ 
sites,  e.g.  the  mountain-deserts  of  dllglt  and  the  oonlferous  forests  of  the  Kaghan  Valley. 

(2)  In  contrast,  significant  faunal  differences.  Independent  of  altitudes,  may  occur 
within  different  parts  of  a  region  that  appears  essentially  homogenous,  e.g.  the  temperate 
forests  near  the  mouth  of  the  Ifaghan  Valley  and  those  65-IIO  km  further  north. 

(3)  'Eoologloal  islands'  containing  faunal  and  floral  elements  Identical  to  those  of 
the  meslo  Kaghan  Valley  exist  In  scattered  mountainous  areas  amidst  the  deserts,  of  V. 
Pakistan,  e.g..  In  Swat,  Dir  and  digit,  and  It  Is  believed  that  similar  refuges  occur 

In  neighboring  parts  of  the  USSR,  Afghanistan,  Nepal,  Slnklang,  Tibet,  eto.  Biological 
barriers,  such  as  vast  stretches  of  desert  or  semidesert,  perpetual  loy  peaks  of  mountain 
massif  and  broad  rivers  separate  the  areas  In  Pakistan,  and  hence  It  seems  that  the 
progenitors  of  these  mammals  and  ectoparasites  oust  have  been  present  there  before  the 
uplift  of  the  main  Himalayas  and  the  oreatlon  of  xarlo  habitats  In  the  Pleistocene  and 
Recent  epochs. 

(4)  Scrub  typhus  and  tick  typhus  Infections  are  present  in  all  of  these  types  of 
mountainous  habitats,  l.e. ,  as  "oasis  scrub  typhus"  In  the  mountain -deserts  of  digit, 

as  well  as  In  alpine  and  subartlc  habitats  In  the  meslo  mountains.  The  relict  faunas  on 
the  eoologloal  Islands  may  therefore  be  Infested  with  other  mloroblal  agents  associated 
with  these  same  maamals  and  ectoparasites  elsewhere,  l.e.,  viruses  of  hemorrhagic  fever, 
tularemia,  eto. 

2.  In  1968  we  reported  another  reason  why  topography  and  ecology  alone  are  Insufficient  to 
determine  endemlolty  (27®},  namely  that,  there  Is  a  notable  time-factor,  and  hence  with  the 
passage  of  5-10  years,  terrain  that  superficially  has  remained  unchanged  In  appearance  may 
have  varied  from  a  hyper  endemic  focus  of  scrub  typhus  to  one  that  is  of  low  endemlolty. 

What  happens  Is  that  there  are  oyolloal  changes  In  the  rats  and  vector  Bpeoles  of  trombloullds 
replaced  by  others,  and  these  In  turn  may  give  way  to  different  species  In  a  few  years  (30**). 
As  we  stressed  In  1972,  (29**)  this  phenomenon  has  not  yet  been  adequately  appreciated,  and 
hence  misleading  or  erroneous  reports  have  appeared  In  the  literature,  as  when  one  group  of 
workers  report  that  their  predecessors  erred  In  saying  a  certain  species  of  ohlgger  or  rat 
was  predominant  In  a  particular  focus,  or  when  Investigators  compare  the  endemlolty  of  a  focus 
today  with  one  for  an  area  that  was  reported.  10  years,  ago,  not  realising  that  the  latter  may  be 
currently  very  different.  It  no  doubt  was  this  time-factor  that  accounted  for  the  dearth  of 
veotor-Leptotrombldlum  In  the  olassloal  fool  in  the  gold-fields  of  New  Guinea  and  their 
abundance  In  new  areas  there,  where  the  presence  of  scrub  typhus  had  never  been  previously 
suspected  (22*). 

We  have  been  assembling  data  on  these  points  as  to  how  topography  alone  cannot  be  used  to 
determine  endemlolty  with  ohlgger -borne  rlokettsiosls  and  plan  to  publish  an  article  theredn. 


F.  OTHER  STUDIES  ON  CHIQOER -BORNE  RICKETTSIOSIS 


With  the  partial  support  of  this  Contract,  we  organised  a  Colloquium  on  the  too geography 
and  ecology  of  ectoparasites,  their  hosts  and  related  Infections  at  the  Seoond  International 
Congress  of  Parasitology,  Washington,  D.O.  (197°) •  Included  In  the  Colloquium,  and  published 
In  1972  with  our  sponsorship  and  auspices  as  Editors  (23**)  were  the  following  artioles  on 
sorub  typhus:  Traub  et  al  (34**),,Traub  and  Wlsseman  (29**)  Boise  (7**)>  Asanuma  et  al  (4#) 
Kltaoka  et  al  (9#);  and  Kltaoka  (10#).  Another  pertinent  publication  was  the  chapter  we 
prepared  on  sorub  typhus  (36*)  In  a  standard  text  on  tropical  medicine. 
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G.  HISTOLOGICAL  8TUDH8  ON  OHIMSR  ATTACHMENT. 


A  preliminary  report  on  the  boat  reactions  at  the  site  of  attachment  of  the  ohlgger  was 
published  in  1972  (7**)<  Therein  It  was  pointed  out  that  the  cellular  environment  (e.g. 
macrophages  at  this  site  may  be  of  consequence  in  the  transmission  of  R.  tsutauaamushl 
both  to  and  from  the  trombioulid  mite.  A  paper  on  the  details  Is  In  preparation. 


III.  TS0HNIQUK8  OP  RBARXNO  CHICKBRS. 


A.  After  the  Contract  funds  were  terminated  for  the  support  of  studies  on  the  transmission 
of  R.  tsutsugamushl.  we  managed  to  utilise  other  monies  to  keep  the  most  valuable  of  those 
unique  colonies  going  for  more  than  a  year,  until  such  time  as  the  Valter  Reed  Army  Institute 
of  Research  (at  forest  Glen)  was  ready  to  receive  and  maintain  them.  These  were  the  first 
mass  cultures  of  ohlggers  ever  established,  slnoe  the  methods  for  colonising  ohlggers  in 
other  lSboratorles  were  based  wholly  upon  the  use  of  small  containers.  In  conjunction  with 
the  Army  scientists,  we  are  writing  a  paper  on  the  methods. 


IV.  TAXONOMY 


A.  In  a  revision  of  Helenicula  of  the  Old  World,  we  dealt  with  28  speoles,  including 
nine  whlob  were  new  to  Solenoe  (14**).  These  ohlggers  are  one  of  the  major  groups  infesting 
Rmttus  and  hence  they  are  of  especial  interest.  Diagnoses  and  Illustrations  were  presented 
for  all  the  species,  along  with  a  key  for  their  identification.  In  the  discussion  on  epidemi¬ 
ology  In  this  article,  it  was  pointed  out  that  birds  may  be  important  in  transporting  these 
end  other  ohlggers  of  rats  over  vast  distances,  e.g.  Nepal-Paklstan-and  Africa. 

B.  The  genus  Ountherana  is  one  of  the  major  taxa  of  trombleulids  on  rats  in  New  Quines, 
and  new  species  are  still  being  collected.  We  described  three  such  (13**)  end  have  more  on 
hand.  Additional  New  Quine an  ohlggers  were  also  described  in  another  collaborative  project 
(11*).  Because  of  the  military  importance  of  scrub  typhus  in  Vietnam  and  the  need  for 

Army  entomologists  to  know  whloh  species  of  ohlggers  the  troops  were  encountering,  we  prepared 
a  Report  on  the  ohlggers  known  to  occur  In  Vietnam,  Written  in  collaboration  with  M. 

Nadchatram  of  the  Institute  for  Medloal  Research,  Kuala  Lumpur,  this  Report  was  made  available 
to  the  Army  in  unfinished  fora  beoause  of  the  urgent  need  for  the  document.  It  Included 
diagnoses,  keys  for  the  Identification  of  genera  and  species.  Illustrations  of  cardinal  features, 
notes  on  hosts  and  habitats,  eto.,  and  served  as  the  basis  for  the  1974  paper  by  Nadchatram  and 
Dohany  (12*). 
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0.  As  ths  result  of  an  so top  ar  salts  nrrsj  we  aponaorsd  In  Repel,  It  was  Issrasd  that 
of  ths  57  species  of  sluggers  collected,  16  (280)  vers  Leptotrombldiua,  sad  of  thsss  10  (62Jf) 
wsrs  nsw  to  8olenoe  { 26 *).  Kanussrlpts  ws  In  preparation  on  this  notarial,  and  dsserlptlons 
are  also  being  readied  on  tbs  nsw  teas  from  Ethiopia.  Under  this  Contract  and  Its  predecessors, 
a  total  of  62  new  spsolss  of  ehlggars  were  described  with  the  Principal  Assistant  as  co-author, 
namely  12  and  50  respectively. 

It  Is  emphasised  that  no  Contrast  funds  were  used  for  travel  to  Ethiopia,  lepal.  Raw 
Quince,  ete.  The  opportunity  for  collecting  there  arose  because  of  other  projects,  with 
mutually  advantageous  results. 


V.  OTHER  RBIXVAHT  STUDIES 


A.  Othefr  publications  by  colleagues  based  upon  the  Araqr-aponsored  field-work  in  Pakistan 
have  appeared,  e.g.  two  by  Allred  on  mesoatlgmatld  mites  (1*.  2*),  and  two  articles  on  warns!  - 
hosts  (17*.  l8*). 
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